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ABSTRACT

Recently the trend in rice breeding is not only
focused on higher and stable yield of grains, but
also the quality of grains. The chalky grains are
easily broken during the process of milling, and
the appearance of grains is the important
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reference for consumers when they are buying a
small pack of rice. However, the trait of chalkiness
is easily affected by environment, and it also
varies among rice varieties. In this study, we used
marker-assisted-selection (MAS) to select superior
lines with less chalky grain. The F» derivative
lines developed from a cross between varieties
‘Koshihikari’ (less chalkiness) and “TNG67" (high
yield) were divided into mapping population and
MAS population. A total of 150 lines were used to
establish linkage map with 112 SSR and InDel
markers, and map QTLs (quantitative trait loci)
related to the percentage of grains with chalkiness,
area of chalky endosperm, degree of endosperm
chalkiness, and some agronomic traits. Three
QTLs mapped around markers RM1248, CH0701
and RM6306 were distributed on 5th, 7th and 12th
chromosomes, respectively. These markers were
applied to screen 860 F, derivative lines, and 23
superior lines were selected. These superior lines
were planted in Taoyuan, Chiayi and Taitung to
assess grain yield, grain quality and other
agronomic traits, and were purified with SSR
markers. Further characterization of 19 lines with
excellent grain quality and high grain yield were
recommended as the reference of extension and
registration of plant variety properties for all
participating breeding stations or research
institutes.

Key words: Rice, Marker-assisted selection,
Chalkiness.
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Fig. 3. Linkage map of a rice F> population, ‘Koshihikari’ X “TNG67’, constructed with 112 SSR and InDel
DNA markers.

Table 1. Identification of QTLs for grain chalkiness related traits of a rice F» population, “Koshihikari” x

‘TNG67 .
Trait QTLs Chr. Interval Pcz(s;\t/};)n LOD Agfcfttcl:]e (1;02)
PGWC =z 2 RM525 0 1.8 3.97 74
q-PGIWC3 5 P617A08-19 - CHO0516 4 2.0 -2.28 11.7
6 CHO0629 0 1.6 -4.12 6.5
q-PGWC7a 7 RMS8010 - RM2878 28 2.2 5.03 13.0
q-PGWC7b 7 RM6403 - RM1364 12 3.1 13.11 31.2
ACEvY q-ACE5 5 RM2010 - P617A08-19 4 4.6 -6.94 22.2
7 RM6403 - RM1364 16 15 5.86 14.2
q-ACES8 8 RM1959 0 2.0 4.72 8.1
10 CH1016 0 1.5 4.69 6.3
g-ACE11 11 RM26513 - RM1355 20 2.3 6.89 22.5
DECx g-DEC5 5 RM2010 - P617A08-19 12 2.2 -302.54 13.2
g-DEC7a 7 RM6403 - RM1364 14 2.8 569.72 30.6

zpercentage of grains with chalkiness.
v area of chalky endosperm.
xdegree of endosperm chalkiness.
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Table 2. Identification of QTLs for grain chalkiness related traits of a rice F»3 population, ‘Koshihikari” x

"TNG67" .
Trait QTLs Chr. Interval Position (cM) LOD  Additive effect  R2(%)
PGWCz 1 CHO0165 - CH0133 16 1.6 -0.08 15.1
2 RM6938 0 1.5 -1.37 6.7
3 RM7576 - RM218 8 1.9 293 12.7
4 CHO0451 - CH0455 14 1.8 -2.21 14.8
5 RM1248 0 1.8 -1.58 7.7
7 RM1364 - CHO0701 16 1.6 -0.39 7.6
g-PGWC12 12 RM6693 - RM6306 18 23 0.04 247
ACEvY 1 RMS8131 0 1.8 0.84 8.0
g-ACE2 2 RM6938 0 22 -2.53 9.3
g-ACE3 3 CHO0317 - RM1940 6 25 4.04 13.9
q-ACE6 6 RM4332 0 2.0 -3.40 8.8
7 RM2878 0 1.6 2.68 6.8
7 RM1364 - CH0701 8 1.9 0.38 141
10 CH1016 0 1.9 -0.58 8.1
DECx g-DEC2 2 RM6938 0 22 -58.36 9.6
g-DEC7b 7 RM1364 - CH0701 12 2.0 -5.78 12.6

zpercentage of grains with chalkiness.
varea of chalky endosperm.
x degree of endosperm chalkiness.

Table 3. Identification of QTLs for days to heading of a rice F> population, “Koshihikari’ x "TNG67" .

Trait QTLs Chr. Interval Position (cM) LOD  Additive effect R2(%)
HD 2 g-HD3a 3 RM1038 0 5.7 6.09 22.0
g-HD6a 6 RM6734 - RM276 14 53 -5.93 22.7
g-HD6b 6 CHO0629 - P17G10-24 10 2.1 -0.98 16.1
gq-HD7 7 RMO0810 0 22 3.95 9.4
g-HD10 10 RM5304 - RM6704 4 9.3 -6.75 36.6
zdays to heading.

Table 4. Identification of QTLs for plant height, days to heading and panicle number of a rice Fa3
population, “Koshihikari” x “TNG67” .

Trait QTLs Chr. Interval Position (cM) LOD  Additive effect (1;)2)

PH = g-PH1 1 CHO0165 - CH0133 12 25 4.89 17.7
g-PH2 2 RM3865 - RM12729 10 43 4.42 31.8
g-PH3 3 RM2593 - RM1038 22 3.6 6.37 19.5
g-PH6 6 RM6734 - RM276 14 21 -1.92 10.6
g-PH10 10 RM5304 0 8.5 -8.33 31.9
g-PH11 11 RM26513 - RM1355 6 25 -4.97 14.6

HDY g-HD2 2 RM3390 0 2.5 431 10.6
g-HD3b 3 RM6736 - RM2593 12 3.1 6.35 21.8
g-HDé6a 6 RM6734 - RM276 14 22 -3.17 10.8
g-HD10 10 RM5304 - RM6704 4 15.2 -8.96 56.9

PN x g-PN5 5 RM2357 - RM5907 24 3.8 -0.85 16.1
g-PN10 10 RM5304 0 24 -1.66 10.3

zplant height.

y days to heading.

x panicle number.
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Table 5. Genotypes of DNA makers associated with grain chalkiness, eating quality and days to heading

traits for 24 rice superior lines.

RM1248 CHO0701  RM6306

RM4108

RM4332  RM6704 RM1038 RM6734

Line Eating
quality

PGWC PGWC PGWC

Wi Ehdl Hde/Hd1e Hdl

C54 H= Ky
C133
C145
C180
C184
C187
C212
T23

T65

T132
T136
1239
1297
T309
T404
T415
T430
T448
T477
T509
T593
T607
T613
T624

AR I AARAARARAARAARIARAAARARANA
ARAILIARAIAAARAIAAATIIIAARIA
TAAARITIARARARARARAAAARAIAIAAAAAIAARAR
ARAARARIARIITIAARAAARAARAIIAARNINR

Tx

RAHAARARTHHAIDITHIITASAARRRAARTT
ITTITTITZT A3 A3 ARSATIARIATIITT
AAA I A I I I AR IIIIAAIIARARA

ADHAARHAHIOIIARARIIARARAAIARAAAI T

zK: same genotypes as ‘Koshihikari” .
yT: same genotypes as “TNG67" .
xH: heterozygous genotypes.
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Table 6. Grain chalkiness related traits for 23 rice superior lines (F».4) obtained by marker assisted selection.

Line PGWC (%) ACE (%) DEC
repeatl repeat2 average repeatl repeat2 average repeatl repeat2 average

C54 25.6 32.8 29.2 90 90 90.0 2304.0 29520 2628.0
C133 14.7 13.5 14.1 54 90 72.0 793.8 12150 1004.4
C145 17.7 18.9 18.3 90 90 90.0 1593.0 1701.0 1647.0
C180 5.0 5.0 5.0 72 72 72.0 360.0 360.0 360.0
C184 2.6 3.6 3.1 54 54 54.0 1404 1944 1674
C187 20.1 19.1 19.6 72 90 81.0 14472 1719.0 1583.1
T23 203. 20.7 20.5 90 90 90.0 1827.0 1863.0 1845.0
T65 20.6 20.3 20.5 90 90 90.0 1854.0 1827.0 18405
T132 7.3 7.5 74 72 72 72.0 525.6 540.0 532.8
T136 8.3 9.9 9.1 90 90 90.0 747.0 891.0 819.0
T239 13.6 15.8 14.7 90 72 81.0 12240 1137.6 1180.8
T297 16.3 18.6 17.5 90 72 81.0 1467.0 13392 1403.1
T309 9.8 8.1 9.0 90 72 81.0 882.0 583.2 732.6
T404 16.8 17.6 17.2 90 90 90.0 1512.0 1584.0 1548.0
T415 10.5 9.1 9.8 90 72 81.0 945.0 655.2 800.1
T430 10.5 9.1 9.8 72 54 63.0 756.0 491.4 623.7
T448 21.3 221 21.7 72 90 81.0 1533.6 1989.0 1761.3
T477 13.2 12.9 13.1 72 54 63.0 950.4 696.6 823.5
T509 11.8 7.8 9.8 90 72 81.0 1062.0 561.6 811.8
T593 15.0 10.3 12.7 90 90 90.0 1350.0 927.0 11385
T607 7.8 16.7 12.3 54 90 72.0 4212 1503.0 962.1
T613 8.6 8.6 8.6 90 72 81.0 774.0 619.2 696.6
T624 13.5 11.0 12.3 90 72 81.0 1215.0 792.0 1003.5
Koshihikari 3.5 43 3.9 54 54 54.0 189.0 232.2 210.6
TNG67 29.9 25.6 27.8 72 90 81.0 2152.8 23040 2228.4
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Table 7. Days to heading and plant height for 23 rice superior lines (F»4) obtained by marker assisted

BT ] S S

selection.
Days to heading Plant height (cm)
Line Chiayi Taoyuan Taitung average Chiayi Taoyuan Taitung average
C54 56 51 61 56.0 106.6 100.3 99.5 102.1
C133 56 55 63 58.0 122.0 107.8 101.7 110.5
C145 63 54 67 61.3 110.8 108.8 104.0 107.9
C180 43 47 46 453 83.4 68.5 78.1 76.7
C184 46 47 51 48.0 97.2 90.2 81.2 89.5
C187 43 51 54 493 96.8 91.1 85.0 91.0
T23 63 53 65 60.3 115.0 105.9 102.2 107.7
T65 63 52 65 60.0 116.6 105.7 102.5 108.3
T132 43 47 44 44.7 85.8 68.5 82.1 78.8
T136 50 50 53 51.0 922 88.4 89.8 90.1
T239 59 51 62 57.3 101.8 104.1 100.1 102.0
T297 69 53 66 62.7 102.0 98.2 102.1 100.8
T309 50 47 51 49.3 100.0 95.2 91.9 95.7
T404 59 51 61 57.0 98.0 93.9 87.0 93.0
T415 43 49 45 45.7 83.6 85.5 81.4 83.5
T430 46 47 50 47.7 97.8 86.7 88.6 91.0
T448 59 52 65 58.7 101.4 94.4 91.2 95.7
T477 73 56 76 68.3 134.0 106.9 101.7 114.2
T509 50 48 52 50.0 98.2 92.6 89.4 93.4
T593 50 51 51 50.7 104.8 101.2 922 99.4
T607 43 50 46 46.3 83.0 80.2 86.9 83.4
T613 43 48 46 45.7 80.2 88.3 89.5 86.0
T624 50 48 51 49.7 103.0 93.0 929 96.3
Koshihikari 46 46 - 46.0 96.4 79.8 - 88.1
TNG67 73 57 - 65.0 128.8 91.0 - 109.9
Table 8. ANOVA of chalkiness related traits of 23 rice superior lines (F2.).
PGWC ACE

SOV

df MS F-test df MS F-test
Line 22 75.30 16.69** 22 201.06 1.47
Block 1 1.43 0.32 1 63.39 0.46
Error 22 4.51 22 137.03

* significant at 1% level, respectively.
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Table 9. Genotypic selection for 13 rice superior lines F».5 by one marker.

Line Marker 1 2 3 4 5 6 7 8 9 10 Kz Ty Hx
C145  CHO0701 K XK K T T - K K K K 0.78 0.22 0.00
C184  RM4108 K K K T K K K K K T 0.80 0.20 0.00
C187  RM4108 T T T T T T T T T T 0.00 1.00 0.00
T23 CH0701 K K K K K K K K K K 1.00 0.00 0.00
T65 CH0701 T T T T K K K - T K 0.44 0.56 0.00
T132 RM6306 K K K K K K K K K K 1.00 0.00 0.00
T136 RM1248 K K K T K K K T K K 0.80 0.20 0.00
T309 RM4108 T H T K K K K K K H 0.60 0.20 0.20
T448 CH0701 T T H K T T K T T T 0.20 0.70 0.10
T477 RM4108 K T H K K K K H K T 0.60 0.20 0.20
T593 CH0701 H T H T T T K T H T 0.10 0.60 0.30
T613 RM4108 K K K H K K K K K K 0.90 0.00 0.10
T624 RM6306 H T T K K H K H H T 0.30 0.30 0.40
zK: same genotypes as ‘Koshihikari” .
v T: same genotypes as “TNG67" .
xH: heterozygous genotypes.
Table 10. Genotypic selection for 6 rice superior lines F».5 by two markers.
Line Marker 1 2 3 4 5 6 7 8 9 10
C54 RM1248 T T T T T T T T T T
RM4332 T H H T T T T T K K
C133  RM4108 - T T T T - T T T T
RM4332 T T K K K K K K K K
T239 RM6306 H H T T H H K T T K
RM4332 T H T K K H T K K T
T297  CHO0701 K H K H H H K H K K
RM4332 T T T H H K T T H T
T404 RM4108 K K K H T H T T K K
RM4332 K H H T H T T T H T
T415 RM4108 H K K T K T K H K K
RM4332 T H T T K K K H T K
Table 10. (continued)
Line Marker 11 12 13 14 15 16 17 18 19 20 Kz Ty Hx
Ch4 RM1248 T T T T K T T T T T 0.05 095 0.00
RM4332 H H T T T H T H T T 010 0.60 0.30
C133  RM4108 T T T - - K T T T T 0.06 094 0.00
RM4332 K K K K - T K K K K 021 079 0.00
T239  RM6306 H K K H H T - K - H 028 028 044
RM4332 H H K K K K T T T H 040 035 0.25
T297  CHO0701 - - H - K K K K K K 0.65 0.00 035
RM4332 K T T H K K T T K H 025 050 0.25
T404  RM4108 T T T T K K K H T H 040 040 0.20
RM4332 K H K T T H K K T T 025 045 0.30
T415  RM4108 T T H - T H T K T T 037 042 021
RM4332 K K T H T H K K T T 040 040 0.20

zK: same genotype as ‘Koshihikari’ .
v T: same genotypes as “TNG67" .
xH: heterozygous genotypes.
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